Direct arterial pressure and electrocardiogram have been recorded over a 24 hr period in 8 males with angina pectoris who were completely unrestricted throughout the study. Twenty-five separate episodes of angina occurred, precipitated by exertion, eating, smoking, and anxiety, in addition to 2 spontaneous attacks and 2 episodes of nocturnal angina. All but 2 angina episodes were accompanied by a rise in both arterial pressure and heart rate. In the cases of spontaneous and nocturnal angina these pressure and rate changes began 10-15 min before the pain. In exertional angina these changes were related to the degree of activity involved, while in other instances there was a brief surge of pressure 
11 entity, the physiology of which is still incompletely understood. Most The methods used for measuring direct arterial pressure and the electrocardiogram in unrestricted patients have been fully described in previous publications.4 ' 5 Briefly, a Teflon catheter (length 10 cms, I.D. 0.9 mm, O.D. 1.04 mm) was inserted into the left brachial artery using the Seldinger technique. This catheter was connected to a capacitance manometer and perfusion pump by a 1 m length of teflon tubing, I.D. 0.35 mm, and was perfused with fluid at a rate of approximately 1.5 ml/hr. There was no complication of arterial catheterization in any of these 8 patients; in general there has been an occasional hematomata at the site of puncture, but we have seen no major occlusion of vessels, splinter hemorrhages or infection. The recording system was a miniature analogue tape recorder* using standard compact cassettes.t The transducer, perfusion pump and tape recorder were carried in a padded harness at heart level, the reference point for pressure was therefore constant irrespective of the position of the arm or body. The frequency response of the whole system was flat to 10 Hz. The electrocardiogram lead system consisted of bipolar electrodes+ placed over the V5R-V5L positions. Leads were held in place by electrode discs and secured by surgical tape to minimize movement artefact. The differential input impedance of the ECG amplifier was 1 MQl, and the time constant was 0.5 sec. Although the time constant was considerably shorter than that ordinarily used on diagnostic electrocardiographs, and caused some slope of the ST-segment, it was long enough to allow measurement of changes of ST-segment level with sufficient accuracy for the requirements of this study. A longer time constant in practice leads sometimes to excessive baseline wander due to electrode movement artefacts, which are always a problem when recording from active subjects.
The tape cassettes were replayed on a separate playback deck at 25 times the recording speed. The output from the playback deck was fed into an ultraviolet recorder (Consolidated Electrodynamics) so that compressed or expanded records, for beat-to-beat analysis, could be obtained.
The patients were all studied over a 24 hr period from 9 a.m. to 9 a.m. During this time, they attended the laboratory only once for 15 min after a 12 hr period in order to apply a calibration to the tape and to service the perfusion chamber. All went about their daily routine at both work and home; they were not encouraged to do anything exceptional, nor was their drug regime altered (table 1) .
The subject carried a diary in which he recorded the timing of significant events such as the onset of anginal pain, and he indicated these simultaneously on the tape by an electrical pulse initiated by a microswitch.
When studying the data, each anginal episode was replayed for beat-to-beat analysis. Systolic and diastolic arterial pressure and heart rate were averaged over periods of one minute throughout the attack and for a similar period prior to the indication of pain. Two episodes of spontaneous angina occurred during the study of Case 7. In both instances the heart rate and blood pressure had risen before the patient indicated pain ( fig. 2) , the time intervals being 10 and 20 min, respectively. The magnitude of these changes was approximately the same in both instances. Pulsus alternans occurred at the height of one attack and is clearly seen in figure 3 .
One attack of nocturnal angina was observed in Case 7. The blood pressure and heart rate had risen some 15 min before the patient awoke with pain. The electrocardiogram showed changes which were thought to be compatible with the Prinzmetal type 5 ). Heart rate did not increase significantly in this patient (vide supra). ST-segments showed some sagging occurring after wakening.
Precipitating Factors
Thirteen episodes of angina were precipitated by exertion; this included climbing stairs, walking, undressing, and gardening.
Case 5 had two attacks of angina while hoeing and digging ( fig. 6 ). His pressure and heart rate rose with exertion, but there is a further sharp rise in systolic pressure at the time he indicates pain; his pressure falls with a few minutes' rest, only to rise steeply again on resuming digging.
Case 3 was pulled up with severe chest pain while walking which forced him to stop and take GTN. There was a sudden sharp rise in pressure and rate coincident with his appreciation of pain.
Exertion itself may raise the arterial pressure and heart rate but when angina occurs there is a further increase in these two parameters superimposed on the changes induced by exertion.
Four attacks of angina occurred during eating.
With the appreciation of pain there was a rise in pressure and heart rate. Eating itself did not cause a 200-100-significant rise in either arterial pressure or heart rate.
Angina was thought to have been precipitated by cigarette smoking in one instance ( fig. 7) The beat-to-beat analysis of this record is contained in Figure 1 .
there was a coincidental surge of pressure and heart rate at this time. On a beat-to-beat analysis ( fig. 1 ) it can be seen that the ST-segments were already markedly depressed before the appreciation of pain, the change having apparently been initiated by smoking. Two attacks of angina occurred while the patients were driving. In Case 4 the pain was described as mild and there were no significant associated circulatory changes. In Case 6, the patient was forced to stop the car in order to take GTN because of the severity of the pain. Pressure and heart rate only rose with the onset of pain. Our unpublished observations have shown that driving alone does not significantly affect arterial pressure or heart rate.
Discussion
The most striking observation of this study is that all but two attacks of angina, irrespective of how they were produced, were accompanied by an increase in arterial pressure and heart rate. These observations are unique only in the manner in which they have been obtained. We believe that for the first time accurate information has been obtained on the circulatory response to anginal pain in patients going about their normal lives in the absence of doctors and free from subjective stimuli.
We have confirmed the findings of many other Circulation, Volume XLVIII, July 1973 investigators that there is no one specific arterial pressure level or heart rate at which patients predictably have pain.3 Like Robinson,6 we found the pressure-rate index (which we did not correct for ejection time) was approximately in the same range at the onset of anginal pain within the same patient, indicating that pain was occurring at the same level of cardiac work. One can only speculate on the mechanisms and relationships among arterial pressure, heart rate and pain which we have observed. In general, we have found that pain produced by effort is usually accompanied by an increase in work of the heart as indicated by the product of pressure and rate. However, in some instances there is a further increase in arterial pressure (and rate) coincidental with the onset of pain ( fig. 6 ). This may be the result of a sympathetic discharge produced either by pain or possibly by reflexes from the heart. Although most cardiac ventricular receptors when stimulated result in reflex bradycardia,7 8 9 Malliani et al.'0 have recently described a reflex sympathetic discharge resulting from stimulation of ventricular afferent receptors whose afferent fibres travel in sympathetic nerves in the same way as cardiac pain fibres have been shown to travel, and by which also vasoconstrictor nerves were thought to reach the heart.1" In several instances ( fig. 7) we observed a sudden rise in pressure and rate coinciding with the onset of pain and not preceded by any gradual 1.33 ....... increase in these parameters. These short sharp rises at the time of pain may represent a generalised sympathetic nervous discharge involving vasoconstriction, acute hypertension, tachycardia and augmented vigor of contraction which raise the cardiac need for oxygen. In one instance ( fig. 8) we noted a severe bradyeardia accompanying a rise in arterial pressure. It is not possible to say whether this is due to an active baroreceptor reflex or to a combination of reflex sympathetic stimulation to ventricular muscle and peripheral vessels as described above, in addition to reflex vagal effects on the sin-ius node here overcoming the sympathetic.12
The observations in Case 5 ( fig. 7) were interesting in that the pain followed quickly after smoking a cigarette. The mechanisms of tobacco angina are not clear'3 but it appeared in our case that the ST-segments were depressed before the onset of pain while the circulatory responses were coincidental. Hexnce smoking cigarettes may have increased myocardial MVO2, which in turn stimulated a sympathetic discharge, or the sympathetic discharge may be triggered by smoking.
In their review of the literature, Roughgarden and Newman14 found adequate data obtained in 30 attacks of spontaneous angina indicating that such attacks were uniformly associated with relative systolic and diastolic hypertension, averaging a 29 percenrt increase in pressure over control levels, and an increase of 30 percent in pulse rate. In 10 instances the hypertension preceded the onset of subjective pain, while in the remainder this relationship was not specifically observed. In her own series of cases, Roughgarden3 observed 21 attacks of spontaneous angina; in 86 percent of these the hypertension preceded the onset of pain.
We observed only two episodes of angina which were truly "spontaneous" (Case 7). Our findings confirm those of Roughgarden: the pressure and heart rate rose 10 to 15 min before the subjective appreciation of pain. In these instances the elevation of arterial pressure and heart rate seem to be more related to the cause rather than the effect of the pain. It is possible that a gradual accumulation of catecholamines has raised MVO2 to a critical level; perhaps there was no extra surge at the onset of pain because the vascular bed and myocardium were already saturated with vasopressor substances. An interesting feature of these spontaneous attacks is the occurrence of pulsus alternans at the height of the pain, indicating left ventricular failure and confirming findings observed at cardiac catheterization.15)
The same patient (Case 7) had one attack of nocturnal angina. Once again, the arterial pressure and heart rate began to rise 15 min before he awoke with pain, while in Case 8 the arterial pressure alone began to rise 15 min before awakening. In this laboratory we have previously made recordings of intra-arterial pressure and electrocardiogram during sleep.l6} We found the highest and lowest pressures of the night during dreaming or rapid eye movement (REM) sleep. Surges of pressure also All eight patients were allowed to continue their normal daily regime and although all of them had been prescribed glyceryl trinitrate (GTN), only five patients (Cases 1, 2, 5, 7 and 8) actually used the drug during the study. Cases 2 and 7 had no significant changes in arterial pressure or heart rate following administration of the drug (fig. 2) . The possibility that patients taking large doses of nitrates for angina may develop tolerance to these drugs has been suggested repeatedly. However, one careful evaluation of the exercise capacity and circulatory response after prolonged therapy with isosorbide trinitrate failed to demonstrate such tolerance. 20 Three patients showed a rapid response with alleviation of their pain after sublingual GTN. There was an obvious decrease in blood pressure and pulse pressure ( fig. 3) although there was not a significant increase in heart rate at this time as compared with the rate during anginal pain. Alleviation of pain usually coincided with a falling pressure, though not necessarily to pre-pain levels ( fig. 6) . Surprisingly, none of our patients took GTN prophylactically, an all too common failing in our experience.
Five of our patients were taking beta-receptor blocking drugs at the time of the study (table 1) . Apart from Case 8, all showed exactly the same response (i.e., increased arterial pressure and heart rate) at the time of angina. In addition, the behavior of ST-segments at this time showed no outstanding difference between those taking betareceptor blockers and those not. Case 8, however, showed very little change in his heart rate during anginal attacks, despite characteristic rises in arterial pressure. It seems likely that he was more adequately blocked than the other four patients.
